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* 
THE EZFECT OF M O M E N T - O F " ~ - R L E B  MODIFICATIONS ON TBE 
ZERO-LITT DRAG aF THREE WING-BODY COMBINATIONS 
By Robert R. Dickey 
An experimental  investigation was made to determine the  effect on 
drag of applying  the  moment-of-area-rule  modifrcatians  described in NACA 
RM A54J19 to wing-body  combinations  with  various wing plan forms. The 
effect  of  mounting  air-to-air  type  missiles on the w f n g - m o u n t e d  bodfes 
of revolution  which are part of the  moment-of-area-rule  modification was 
also investigated.  Wing-body  combinations with unswept,  sweptback, and 
ratio of 0.03 were employed in the  investigation.  The  zero-lift  drag of 
the  moment-of-area-rule  configurations  was  measured nd canpared  with  the 
from 0.6 to 1.4. 
. triangular  plan-form  wings  having an aspect  ratio  of 3 and a thichess 
1 drag of the corresponding basic w i n g - b o d y  ccanbfnations at Mach numbers 
A t  transonic  speeds,  the  moment-of-mea-rule  modifications  provided 
reduction6 fn the  total  drag s well as the  wave drag for al three wing- 
body  combinations.  Although  the  actual  amount  of drag reduction was 
greater  for  the  unsuept  configuration  than  it w a s  for the sweptback and 
triangular  configurations, on a percentage  basis a l l  three plan forms had 
approximately  15-percent-less  total drag at a Mach rider of 1.0 than the 
corresponding  unmodified  configuration. At the  higher  supersonic Mach 
numbers,  the mnt-of-area-rule modifications  i-stilted in wave-drag 
increases  for a l l  three  wings.  Because of the  additional  surface  area 
of the  auxiliary  bodies,  the  modifications d s o resulted in increases  in 
skin-friction  drag. 
The  method  of c- missiles  by mounting them on the  moment-of- 
area-rule pods provided  substantial  drag  reductions  when coqa zd to  con- 
ventional  under-the-wing  installations.  !The drag resulting  from  mounting 
the four air-to-air  type  missKLes on the pods was in most  cases  less  than 
the  drag of four isolated  missiles;  whereas,  for  the  conventional  instal- 
lation,  the  drag  due to the  addition of the  missiles  was  approxfmately 
twice  that  of four isolated  missiles. .. 
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A method f o r  reducing the wave drag of w i n g - b o d y  cambinations which 
not only gives l o w  drag at sonlc speed but a l s o  e x t e n d s  the region of 
low drag t o  higher Mach numbers wa8 introduced in reference 1. This method 
which is  called the "momelrt-of-area rule" differs from the "transonic area 
d e "  (ref. 2) fn that, in addition t o  the l o n g i t u w  distribution of 
cross-sectional area, it also considers the distr ibut ion of the lllaments 
of area t&en about the ver t ica l  plane of symmetry. The optimum distri- 
butions of the moments of area for a w i n g - b e  configuration are obtained 
by adding auxiliary bodies of revolution .to the wing. For low wave drag 
near a Mach number of 1.0, these wing-mounted bodies or  pods are contoured 
and positioned in mch a way that the secomt moment of area o r  the moment 
of i ne r t i a  about the  ve r t i ca l  plane of symmetry of the combined wing and 
pods has a emouth dis t r ibut ion of high fineness ratio. The opthum dis- 
t r ibu t ion  of a.rea is obtained by indenting the body t o  ccmrpensate f o r  the 
cross-sectinnal areas of the pods as w e l l  as the wings so that the 
resul tant  total  dis t r ibut ion of area is smooth. 
Available experimental data on the resul ts  of applying the mraent- 
of-area M e  t o  wing-body combinations have thus f a r  been limited t o  
those published i n  references 1, 3, and 4. Reference 1 shows that, large 
reductions i n  wave drag were  obtained at transonic speeds by modifying : 
an aspect-ratio-2  ell iptic plan-form wing and body combination accordln& 
to the moment-of -area Iwle. Reference 3 shows that rnissfle ins ta l la t ion  
drags can be reduced by moment-of-area-rule d i f i c a t i o n s  that consider 
the missiles as part of the w i n g  pods even when such modifications . 
increase the total  v o l m  of  the  cd2gura t ion .  Although the moment-of- 
area rule was  not applied in designing the aspect-ratio-3 straightwing 
configurations of reference 4, it w a s  used t u  explain the relat ive drag 
rises of two models designed t o  have the same average area distribution 
a t  Mach  number 1.41. The codigurat ion w i t h  the better distribution of 
the second mment of area (model w i t h  contoured nacelles) had lower wave 
drag at all Mach numbers. 
The primary purpose of the present investigation was t o  determine 
the drag reductions that could be obtdned by applying the moment-of-area 
nvle (without chaagfng the total volume) t o  --body combfnaticms having 
wing plan forms that are tygical of current design practice. The molllent- 
of-area-rule confi@;urations w e r e  designed t o  have optimum area and second- 
moment-of-area distributions f o r  low w m  drag near a Mach number of 1.0. 
A secondary objective was  t o   iwee t iga t e  the use of the moment-of-area- 
r u l e  pods &s supports for carrying misalles when the misslles are not 
considered t o  be p a r t  o f  the mament-of-fL1.ea-rule design and therefore 
cause devLations frau the optimum t r w a n i c  area distribution. Identical  
misailes and plan forms were tested i n  reference 3 with moment-of-area- 
rule modifications that dld include the missFles i n  the design. However, 
i n  the case of reference 3, smaoth distributions of area. were obtained by 
adding volume to the side6 of the models In the form of localized gloves. -
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The zero- l i f t  drag of wing-body and wing-body-missile cmibinations 
was measured for configuratiuns w i t h  unswept, sweptback, and triangular 
nuulber of 1.5 million based an the mean aeroaynamic chords of the w i n g s  
was maintained throughout the mch n*er range. 
- plan-form wings at Mach nmibers from 0.6 t o  1.4. A canstant Reynolds 
NOTATION 
11 aspect r a t i o  
CD foredrag coefficient based. on wing area 
mf 
% wave-drag coefficient, CD - % 
frictian-drag coefficient 
incremental wave-drag coefficient, 
configuration mirru~ of basic % ody Of alone t tal 
A%ssFles a;aditional wave-drag coefficient due to missiles, C& of . 
t o t a l  configuration with four missiles minus c'4, of 
total  configuration - 
2 length of w i n g  pods 
M Mach number 
maximum value of second moment of area 
M2 (x) longitudinal dist r ibut ion of' the second moment of area 
P speed parameter, j i S i  
X LOngitudFnd  distance measured from midpoint of wing pod 
T m.xZmm thiclmess  ratio of wing 
Models 
The basic wing-body conibinations were  comprised of a cut-off Sears- 
Haack body -& an aspect-ratio-3 wing with either an wmwept, a sweptback, 
o r  a triangular plan form. The unswept w i n g  had 64AW3 a i r fof l   sec t ions ,  
whereas the sweptback and triangular wihgs had IUCA 9003 airfoil 
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sections.  Modified  versions of the  three  basic  configurations  were 
obtained  by  adding pods to  the wings and contouring  the  bodies Fn accord- 
ance  with  the  moment-of-area  rule  of  reference 1. Th  same t o t a l  volume 
was  maintained for both  the  basic  and mottif'ied configuratias.  The  gen- 
eral  arrangement  and  pertinent  dimensions  of  the  three  basic  conf'igura- 
tions  and  the  moment-of-area-rule  modifications  are shown in fi@;ure 1. 
Tables I and II glve  the  coordlnates of the  bodies and pods, respectively. 
The  distributions of area  and  second  moment of area  for  the  baaic 
and  modified  models  are shown in figure 2. Mote that  the  bodies of the 
moment-of-area-rule  models  before  indentation ere slightly  larger in 
diameter  than  the  basic  body.  The  second merit of area of the  body ia 
s m a l l  compared  to  that  of  the wing and  therefore has been  neglected. It 
may be seen that the  additions of the  wing  poda h d the  effect of greatly 
increasing  the  fineness  ratio of the  second-moment-&-area  distributions. 
For the  moment-of-area-rule  configurations of this investigation, 
the  wing  pods  were  shapes  auch  that  the  second  moment of area  of the wing 
plus pods had a Sears-Haack  body-  (minimum-dmg body for  given volume and 
length)  type of distribution, as Fn reference 3; that is, 
This  differs  from  the  distribution that was used in reference 1 where 
The Sears-Back type  of  distribution  results  in a low-drag pod.  with a 
more  practical nose shape  which is not  cusped. 
For  the  investigation  of  the  use of th  moment-of-area-rule pods aa 
supports  for  missiles,  four  models f a typical  air-to-air type missile 
were  mounted on the pods as shown in figure 3. The  addition of the mis- 
siles  caused  the  distributions  of  area  and  second  moment of area  to  devi- 
ate  from  their  previously optimum (for  transonic  speeds) shapes a6 may 
be  seen  in  figure 4. 
Wind  Tunnel  and  Equi-pnent 
The models were  tested in the  Ames 2- by 2-foot transonic w i n d  
tunnel. This tunnel is of  the  closed-cifcuit,  variable-pressure  type 
and is equipped  with a f1exfbl.e  nozzle and ventilated  test  section which 
permits  continuous  choke-free opaatfon from 0 to 1.4 Mach number. A 
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complete  description of this w i u d  tunnel may be  found  in  reference 5. 
The forces  actfng on the  models  were  measured  by meam of a flexure-type, 
strain-gage  balance  which was mounted within the  bodies  of  the models. 
The  models  were  supported in the  wind tunnel by a 1-inch-diameter  sting 
support. 
The drag of  the various models w s  measured at zero angle of  attack 
for  Mach  numbers  from 0.6 to 1.4. A constant  Reynolds rider of 1.5 mil- 
lion  based on the  mean  aeroaynamic  chords of the wings was  maintained 
throughout  the Mach number  range by varying  the  tunnel  stagnation  pres- 
sure. In order to obtain a turbulent  boundary layer over the  entire 
surface of the m o d e l s  and thus permit the  evaluation of friction drag 
xith a minlmm degree of uncertainty,  carborundum  strips (mean grit 
height approultely 0.001 inch)  were  placed  near the leading  edges of 
the  wings  and an the  noses of the  bodies. The additional  wave drag 
caused by the carborunaUm strips  is  believed.  to be smal l  and should.  not 
affect  the  relative  drag  levels of the various configurations. 
No corrections  have  been  applied to the  data f o r  wall-interference 
effects  since  reference 5 indicates  that for the  size of models q l o y e d  
during  the  present  investigatiap (blockage ratios of approximately 
0.5 percent)  the  effects  would be small. Corrections for &-stream 
angularity and longitudinal. jereseure gradient were also small and have 
been  neglected. The measured drag of dl models was adjusted to  corre- 
spond to a condition of free-stream  static  pressure  acting  at  the  blunt 
base of the  bodies;  therefore,  the drag coefficients  presented In this 
report  represent  the  foredrag of the  models. 
In addition  to  the small systematic  errors wkich may be  introduced 
by  neglecting  the  wind-tunnel  corrections,  the  test  data  are  subject to 
random errors of m e a s u r e m e n t .  An estimate of the meximum kccuracies 
due  to  limitations in the b-ce and recording  equipment and the average 
repeatability  of  the  data  indicate  that  the  precision  of  the drag 
coefficients  is  approximately S . o O O 3 .  
RESULTS AM3 DISCUSSION 
Effect of Wment-of-Area-Rule  Modifications 
The  zero-lift drag coefficients of the  moment-of-area-rule configu- 
rations,  the  basic  wing-body  confblnations,  and  the  basic  body  alone  are 
shown plotted  versus Mach m e r  in figure 5. The  data  for  the  basic 
wing-body  caibinations were taken from reference 3 .  Cnmpared to the 
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basic  wing-body  combinations,  the  moment-of-area-rule  configurations had 
lower  drags  at  transonic  speeds  and higher drag-divergence Wch numbers; 
however,  at  subsonic  speeds  and  also  at  the Mgher supersonic Mach num- 
bers,  the  moment-of-area-rule  modifications  resulted in increased  drag. 
The maximum reduction in drag  coefficient:  resulting from the mment-of- 
area-rule  modifications was greater and extended over a greater Mach aun- 
ber  range for the  unswept plan fonn.thm for  the  sweptback o r  triangular 
plan forms. On a percatage basis,  the  mbment-of-area-rule  configurations 
with  unswept,  sweptback, and triangular plan-fom K i n g s  had maxirmrm drag 
reductions of approximately 18, E, and 13 percent,  respectively.  It 
should  be pointed out  that  the  percentage.redwtions  obtained  near  Mach 
number 1.0 would be  considerably  less if the  moment-of-area-rule  canfigu- 
rations  were  compared  with  transonic-area-rule  configurations  instead of 
the  basic  --body  conibinations. 
Because of the  additional  surface  area  of  the  wing-mounted paEl, the 
moment-of-area-rule  configurations would be  exgected to have  increased 
skin friction  at all Mch nwnbers.  This  increase in friction drag 
accounts for the hLgher drag of the  moment-of-area-rule  configurations 
at subsonic  speeds. At a Reynolds  rnmiber  representative  of 8 full"scale 
a i m m e  (e .g. , Reynolds  number of 30 million) , the i n c m m d  friction 
drag for  the  manen%-of-area-nile  configurations  at subsonic speeds would 
be  expected -to be Less than that indicated by these wind-tunnel tests. 
The  variation of wave drag wTth  Mach  nuniber  for  the  moment-of-area 
nile  configurations,  the  basic  wing-body  cor&inations,and  the  basic body 
alone  is sham in  figure 6. Wave drag was obtaFned by subtracting  the 
friction  drag from the  total foredwg. In c-ting  the  friction drags, 
it was assumed that at a Mach number of 0.6 the  measured drag was entirely 
due to skin frictian and that  the  variation f friction drag with Mach 
number  was  that  given by reference 6 f o r  a turbulent  boundary  layer. As 
in  the  case for the total drag, the  nrament-of-area-rule  modifications 
resulted in lower  wave-drag  coefficients f o r  all three  plan forms at 
transonic  speed6 with the  largest  reduction  being  obtained  with  the 
unswept-wing  configuration. It should  be  noted that since  both the 
moment-of-area  rule and the  transonic area rule  result in the s&me dis-  
tribution of cross-sectional  area,  both  rules should give  the same wave 
drag  at  Mach  number 1.0, providing  the  aspect ra t io ,  wing thickness, and 
plan  form  are such that  the  transonic.area  rule  is  ap-glicable. It is 
shown in references 7 and 8 that for the  transonic  area  rule to be  appli- 
cable  the  value of the  parameter  AT'/^ should be less than 1.0 for 
rectangular  wings and less than 1.3 f o r  triangular wings.  The  three 
w i n g s  of  the present. investigation have a value of A.r1Is of 0.93. It 
may be  reasoned  that  area-rule  body  inderi't&tLons  for  higher  aspect-ratio 
wings would lose theil: effectiveness  because  the  indentations are so far 
removed from the outer portions of the wing. A moment-of-area-me 
design, on the other hard, has indentations in the  wing pods as well a8 - 
in  the  bady and the  distances  between  the  indentations and the  wing 
extremities are thus not as great. Experimental  evidence of t h i s  advantage 
.- - ___ 
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of the  moment-of-area rule is shown in  reference 4 where  lower drag was 
obtained for a supersonic-area-rule  design (A7Il3 = 1.08) by  indenting 
the  engine  nacelles a w e l l  as the  body. 
Another  manner of present-  the  wave-drag data, as recommended in 
reference 1, is shown in figure 7 in Mch incremental  wave-drag  coeffi- 
cients for the  moment-of-area-rule and the  basic wing-body canfigurations 
were  obtained  by  subtracting  the mve drag of the basic body fram  that of 
the ccmrplete  configurations. -I n  contrast to the fncreases in incremental 
wave drag displayed (fig. 7) at the  hi&er  test Mach number6  by  the  moment- 
of -area-rule  ccmfiguratians  Kith unswept, sweptback, and triangular plan- 
form  wings of aspect  ratio 3, the results of  reference I show that a 
moment-of-area-rule  configuration ufth 811 elliptic plan-form wing of 
aspect ratio 2 had lower incremental wave drag at a l l  Mach  numbers up to 
1.4. It  can  be  established  from  the theory of  reference I that  because 
of the increased  aspect  ratio of the t e s t  wbgs  it would be more equitable 
to compare the  effects  of  the  moment-of-area-rule  modifications on a 
reduced  aspect  ratio  basis, In figure 8, the  reduction in Fncremental 
wave drag (in percent of the maximum possible  reduction)  predicted  by  the 
mament-of  -area rule is plotted versu8 pA for the three plan forms of 
this  investigation as well as for the  aspect-ratio-2  ellfptic plan-form 
wing of reference 1. Thede  percentages are subject to a maxFmrun ermr 
of 56 percent  because of the  inaccuracies in measuring t o t a l  drag. It 
may be seen from figure 8, that  at the higher values of pA the  elliptic 
plan-form wing of reference l w o u l d  probably  have had an increase in 
incremental wave drag as do the three plan forms of this investigation. 
Although it would appear from figure 8 that  the  moment-of-area rule is 
not  effective at the higher values of PA, it should be remember& that 
these  data  represent  moment-of-area-rule designs for which  the  distribu- 
tions of only the area and the  second  mamen% of area  were d e  an optinarm. 
The  theory of reference I indicates  that drag reductions c m  be extended 
to higher  values of PA by taking into  account  the igher order moments 
of area. In order to account for these higher order moments,  it is neces- 
s a y  to make use of a greater number of auxiliary pods. 
Effect of Missile Installations 
The  second  phase of this fwestigxtion wa5 concerned with the 
utilization  of the moment-of-area-rule wing poaS E ~ B  supports for  casrying 
four  air-to-air  type missiles. The total drag coefficients f o r  these 
configurations are shorn in figure 9. For camparisan,  the  drag  coeffi- 
ciente of t k  conventional  under-the--  missile Fnstallations and the 
moment-of-area-rule  missile  installations  which  were  reported in ref r- 
ence 3 are also shown. Although the configurations Op reference 3 
utilizeathe S ~ D E  basic -Kings, bodies, and missiles as the  present inves- 
tigation,  the mmt-of-area-rule configurations Ufered in several. ways 
which w d d  affect  their  relative drag levels. The moment-of-area-rule 
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configurations of reference 3 had m o r e  optimum  dietributions of the  second 
moment of area  because  the  missiles  were  included  in  the  design. On the 
other hand, the moment-of-area-rule configurations of reference 3 had I 
greater  total volume because  gloves  were  added to the sides  of the bodies 
to  obtain  smooth  distributians of area  instead of indenting  the  bodfes 
symmetrically &s was done  for  the  present.  tests.  Figure 9 shows  that f o r  
all three  plan forms the drag of the  prebent.  maent-of-area-rule  configu- 
rations  with  missiles w a s  less  than  the drag of either  the  conventional 
missile  inatallation (31: the  moment-of-area-rule  missile  installation of 
reference 3. 
Figure 10 shows the  Wave drags of the  configurations  discussed 
above.  It may be  seen  that  the  present  moment-of-area-rule  configurations 
with  missiles not only had less  wave d r a g  than the  other  configurations 
with  missiles but a l s o  had less  wave  dra&than  the  basic  wing-body  combi- 
nation  without  missiles  over  part  of  the  traasonic  speed  range. It should 
be  pointed out that  the  reductions shown w o u l d  be  considerably  less if
the  camparisons  were  made  with  transonic  area-rule  configurations i n s t e a d  
of the  unmodified  wlng-body  combinations. ' 
For most  conventional  missile  installations,  the  additional  wave 
drag  due  to  the  addition of the  mlseiles is much  greater  than would be 
indicated  by  the  wave drag of an isolated missile. These large installa- 
tion drags are caused. by the  detrimental  interference  effects  between th  
missiles  themselves  and  between  the  missiles  and  other  components of the 
configuration.  The Fnstdhtion wave d r d s  f o r  the  configurations of this 
investigation and those  of  reference 3 are shown in figure ll. For com- 
parison, a curve  representing  four  times  the  wave drag of an isolated 
missile is also shown.  It may be  seen  that  the  installation  wave drags 
for the  moment-of-area-rule  configurations  of  the  present  investigation 
were  generally  less  than the mve drag of fou r  isolated  missiles;  whereas, 
for the  conventional  type of installation,  the drag due to the adation 
of  the  missiles w a ~  approximately twice  that of four isolated  missiles. 
These  results  indicate  that  the  interference  effect wa8 favorable  when 
the  missiles  were  carried OR the  mment-of-area-rule pods and  unfavorable 
when  the  missiles  were  carried in the  conventional  manner. 
From the  foregoing  results on the  missile  installation  phase of this 
investigation,  it is apparent  that  the  configurations  with  moment-of-area- 
rule pods offer az1 advantageous means of carrying air-to-alr type  missiles 
since  such  configurations had relatively low drag with or Kithout the 
missiles  in  place. 
The effectiveness of the  moment-of-area  rule  when  applied t o  WLng- 
body combinations with unswep-b, s-ptback,. and triangular plan-form wings 
!M 9 
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of aspect  ratio 3 has bden  demonstrated by the  results of this  investiga- 
tion.  Although  the  zero-lift drag was reduced a greater amoUnt f o r  the 
with  sweptback  or  triangular wings, on a percentage  basis all three plan 
forms had approximately 15 percent  less total drag than the  corresponding 
unmodified  configuration at a Mach mu.&er of 1.0. Eowever, at  subsonic 
speeds and at  the  higher  supersonic  speeds  the  modificatfons resulted in 
drag  penalties. 
I configuration  with  the  unswept  wing khan it w a s  f o r  the  configurations 
The  results of the  tests  with  four  air-to-air  type  missiles ouzlted 
on the pods of the  moment-of-area-rule  configurations  indicate  that  the 
pods  provided. an attractive means of carry-ing  external  stores  of  this 
type. The Illament-of  -area-nile models had relatively low drag either with 
or  without  the  missiles in talled. The  additional wave drag due to the 
addition of four missiles to these  configurations wa6 in most cases less 
than  four  times  the  drag of n isolated  missile;  whereas, for the con- 
ventional  under-the-wlng  type of installation,  the drag due  to  the  addition 
of the  missiles was approximately  twice  that of four  isolated  missiles. 
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Figure 1. - Dimensions of the basic and moment-of-area-rule models. 
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Figure 2.- Longitudinal.  distributions of.-& and second moment of area 
for the basic and moment-of-area-rule configurations. * 
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Figure 2.- Continued. 
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Figure 4.- Longitudinal distributfans of area and second moment of area 
for the moment-of-area-rule configurations w i t h  missiles. 
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Figure 4.- Continued. 
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Figure. 4. - Concluded. 
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Figure 5.- Variation of zero-lift drag with mch  number f o r  the basic 
wing-body combinations, the body alone, and the moment-of-area- 
r u l e  canfigurations. 
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Figure 6.- Variation of wave drag with Mach number for the basic wing- 
body combinations, the body alone, and the moment-of-area-rule 
configurations. . .  
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Figure 7. - Variation of incremental wave drag w i t h  Mach number for the 
basic wing-body combinations and the moment-of-area-rule 
configurations. 
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Figure 9. - Variation of zem-=t drag w i t h  Mach nlrmber for configurations 
w i t h  rnissjles. 
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